Propolis is a complex honeybee product with resinous aspect, containing plant exudates and beeswax. Their color, texture, and chemical composition vary, depending on the location of the hives and local flora. The most studied Brazilian propolis is the green (alecrim-do-campo) type, which contains mainly prenylated phenylpropanoids and caffeoylquinic acids. Other types of propolis are produced in Brazil, some with red color, others brown, grey, or black. The aim of the present work was to determine the chemical profiles of alcohol and chloroform extracts of eight samples of propolis, corresponding to six Brazilian regions. Methanol and chloroform extracts were obtained and analyzed by HPLC/DAD/ESI/MS and GC/MS. Two chemical profiles were recognized among the samples analyzed: (1) black Brazilian propolis, characterized chiefly by flavanones and glycosyl flavones, stemming from Picos (Piauí state) and Pirenópolis (Goiás state); (2) green Brazilian propolis, characterized by prenylated phenylpropanoids and caffeoylquinic acids, stemming from Cabo Verde (Bahia state), Lavras and Mira Bela (Minas Gerais state), Pariquera-Açu and Bauru (São Paulo state), and Ponta Grossa (Paraná state). The present work represents the first report of prenylated flavonoids in Brazilian propolis and schaftoside (apigenin-8-C-glucosyl-6-C-arabinose) in green propolis.
Introduction
Propolis is a resinous hive product containing bee secretions and plant resins. The wide diversity of plant species used by bees as resin sources for propolis production determines its chemical diversity. More than 300 constituents have already been identified [1] , among which phenolic compounds such as flavonoids, phenolic acids, and phenolic acid esters have been reported as major constituents of propolis from the temperate zone [2] .
The use of propolis with medicinal purpose dates back to 300 BC [3] and has been extensively used in folk medicine in the east and the west for centuries. It has been established that propolis possesses a wide spectrum of biological activities, such as antibacterial [4, 5] , anti-inflammatory [6, 7] , antioxidant [8, 9] , hepatoprotective [10] , and antitumoral [11] . The medicinal properties of propolis are due to a large variety of substances of plant origin, acting alone and/or synergistically. The high medicinal value of many propolis constituents stimulates chemical studies also of the corresponding plant sources [12] .
The classes of propolis constituents include fatty and phenolic acids and esters, substituted phenolic esters [13] , flavonoids (flavones, flavanones, flavonols, dihydroflavonols, chalcones) [14] [15] [16] , mono-, sesqui-, di-, and triterpenes, steroids, aromatic aldehydes and alcohols, and naphthalene and stilbene derivatives [17, 18] . Propolis from temperate regions (poplar derived) contains mostly flavonoids, aromatic acids, and their esters [19] . Mediterranean propolis from Croatia, Algeria, Greece, and Cyprus has a poplar-type chemical profile, while samples from South Greece and Crete are rich in diterpenes [20] . Propolis from Taiwan and Okinawa contains prenylated flavanones as major constituents [21, 22] , while propolis from Australia is rich in prenylated stilbenes [18] . Propolis from tropical regions contains a diversity of phenolics: prenylated cinnamic acid derivatives, flavonoids, polyprenylated benzophenones and lignans, and other classes of constituents [23] .
Material and Methods

Propolis Sampling and Processing.
Samples of propolis produced by Apis mellifera were obtained from eight Brazilian localities: Picos (state of Piauí, North Central Brazil) (black propolis), Cabo Verde (Bahia state, northeast) (green propolis), Pirenópolis (Goiás state, Central Brazil) (black propolis), Lavras and Mira Bela (Minas Gerais state, Southeast) (green propolis), Pariquera-Açu and Bauru (São Paulo state, southeast) (green propolis), and Ponta Grossa (Paraná state, south) (green propolis) ( Figure 1 ). The samples were grounded with a mortar and pestle to a fine powder. Extracts were successively prepared in Soxhlet for 3 h with 5 g of each propolis sample, first with chloroform and then with methanol. Each extract was concentrated under reduced pressure and the residue evaporated on a steam bath to constant weight. The chloroform extracts were dissolved in diethyl ether and treated with diazomethane [36] . The dried methanol extracts were dissolved in methanol at 0.1 mg mL −1 prior to HPLC analysis.
Total Polyphenol Contents.
Total polyphenol contents were determined according to the Folin-Ciocalteu colorimetric method [37] , using p-coumaric acid as reference. The analyses were carried out in triplicates of each sample.
Total Flavonoid Contents.
Total flavonoid contents were determined by the aluminium chloride [37] and dinitrophenylhydrazin [38] methods. Calibration curves were made using quercetin (aluminium chloride method) and pinocembrin (dinitrophenylhydrazin method) as reference. Total flavonoid contents were assumed to be the sum of the values obtained by each method. Analyses were performed in triplicates.
GC/EIMS Analysis.
The diethyl ether solutions of the diazomethane-treated chloroform extracts were diluted to the 1000 ppm concentration. Ether solutions (1 L) of each extract was injected into a Hewlett Packard 5890 series II plus gas chromatography coupled to Chem Station System Mass Spectrometer 5989B operating with the EI mode at 70 eV. The GC conditions were as follows: DB-5HT fused silica capillary column (30 m × 0.32 mm internal diameter, 0.25 m film thickness) held at 100 ∘ C for 1 min and then heated to 300 ∘ C at 6 ∘ C min −1 , the final temperature being held constant for 2 min; He was used as a carrier gas with flux of 1. 
HPLC/DAD/ESI/MS Analysis. Methanol extracts (10 L)
were analyzed by HPLC/DAD/ESI/MS and HPLC/DAD/ ESI/MS/MS. DAD SPD-M10Avp Shimadzu equipped with a photodiode array detector coupled to Esquire 3000 plus, Bruker Daltonics mass spectrometer via an electrospray ionization (ESI) source. The analyses were controlled by a computer running the Esquire NT Software from Bruker Daltonics. The diode-array detector was set at 270 nm, and the online UV spectra were recorded in the range of 250-360 nm. A reverse phase C18, Zorbax-5B-RP-18 (Hewlett Packard) column (4.6 × 250 mm, 5 m), and different linear gradients were used for analysis of each sample. The mobile phases consisted of eluent A (0.1% aq. HOAc) and eluent B (methanol). For the Ponta Grossa sample, the following gradient program was used: 0 min, 5% B; 10 min, 10% B; 16 min, 30% B; 72 min, 86% B. For the Picos, Pirenópolis, Lavras, Bauru, and Pariquera-Açu samples the following program was used: 0 min, 10% B; 12 min, 35% B; 27 min, 38% B; 50 min, 50% B; 100 min, 100% B. For the Cabo Verde sample, the program was 0 min, 10% B; 12 min, 20% B; 52 min, 40% B; 75 min, 86% B. For the Mira Bela sample, the program was 0 min, 5% B; 10 min, 10% B; 16 min, 34% B; 60 min, 78% B. The flow rate was 0.5 mL min −1 and the temperature of the column was maintained at 28 ∘ C. Negative-ion ESI was performed using an ion source voltage of −40 V and a capillary offset voltage of 4500 V. Nebulization was aided with a coaxial nitrogen sheath gas provided at a pressure of 27 psi. The dry gas temperature was set to 130 ∘ C and a dry gas flow of 4 L min −1 was used. Desolvation was assisted using a counter current nitrogen flow set at a flux of 7.0 L min −1 and a capillary temperature of 320 ∘ C. Mass spectra were recorded over the range 50-900 m/z. Mass spectrometry (MS/MS) data were acquired in the negative ionization mode. Compounds were identified by comparison of their UV and ESI/MS and ESI/MS/MS spectra with the literature data.
Clustering Analysis. Compounds identified by GC/MS
and HPLC/MS of all eight propolis samples were analyzed using the neighbor-joining method and the software PAUP v.4.0b10 [40] .
Results and Discussion
A wide variety of total phenols (0,9% to 27,3%) and total flavonoids (0,3% to 4,4%, Table 1 ) were observed. It is known that the amount of phenolic and flavonoid constituents varies widely according to propolis types and seasonal factors [24, 28] . The highest amounts of both total phenolic substances and flavonoids were obtained with propolis from Pirenópolis (27.341% and 4.432%, resp.) and Cabo Verde (25.867% and 3.148%, resp.) ( Table 1 ). The main constituents found in the Pirenópolis sample were flavone-C-glycosides, prenyl flavonols, and rhamnetin, while in the propolis sample from Cabo Verde only flavone-C-glycosides and a minor content of caffeoylquinic derivatives were detected. Samples from Bauru, Ponta Grossa, and Lavras have intermediate contents of total phenolics (17.632%, 12.892%, and 9.281%, resp.) and showed the presence of caffeoylquinic derivatives, phenylpropanoids, and flavones. Finally, samples from Picos, Pariquera-Açu, and Mira Bela presented lower contents of total phenolics (5.620%, 2.66%, and 0.91%, resp.) and higher caffeic acid glucoside. In South America, the contents of phenols reported for Brazilian propolis have been higher than the values obtained from samples of other countries: Argentina (0,3%-5,5%), Uruguay (1,1%-3,7%), Chile (1,1%-4,3%), Peru (less than 0,1%), and Paraguay (0,3%) [14] .
On the other hand, samples from Bauru, Picos, PariqueraAçu, Ponta Grossa, Lavras, and Mira Bela showed low contents of total flavonoids: 1.97%, 1.243%, 0.884%, 0.859%, 0.685%, and 0.311%, respectively. It is interesting to note that all samples, except from Bauru, present flavone C-glycosides among their constituents. However, only the mentioned sample exhibited high content of caffeic acid ethyl phenyl ester derivatives. Among the samples studied in the present work, there seems to be a direct correlation between the contents of total phenols and total flavonoids (Table 1) .
Evidence-Based Complementary and Alternative Medicine
A high diversity of phenolic and nonphenolic substances was detected among the samples analyzed. Compounds 1-52 were present in less polar (chloroform) extracts and were detected and characterized by GC/EIMS analysis ( Table 2) . Several substances detected are wax constituents: long carbon chain fatty acids (8, 11, 13, 15, 32, and 34) and n-alkanes (33, 36, and 37). Hydrocarbons and fatty acids have been pointed out as major constituents of wax propolis [36, 41] . Other detected substances are phenolic compounds, many of them prenylated. Such substances have been pointed out as constituents of Baccharis dracunculifolia and/or Brazilian green propolis: 1, 3, 5, 9, 10, 14, 24, 25, 28, and 35 [12, 24, 42] . Compounds 3 and 14 (artepillin C) have been assigned the role as chemical markers of green propolis [12] . Terpenoids are frequent propolis constituents. Among them, diterpenoids (17, 19, and 23) have been reported for Brazilian propolis [43] . Triterpenoids (40, 43-52) are also frequent constituents of Brazilian propolis (see, e.g., [24, 42] ). Steroids, such as ergosterol (42) , are terpenoids rarely found in propolis. A particularly interesting compound in Table 2 is the glyceride 39, comprising of two residues of phenylpropanoid. Compounds such as this are constituents of Populus species and were obtained from a sample of Mexican propolis from the Sonora state [44] , but the origin of 39 is certainly not a Populus plant. [45, 46] . In some cases, one residue of caffeic acid is replaced by other phenylpropanoid, such as ferulic acid (61, 67, 68, and 113). In rare cases, quinic acid is esterified solely by ferulic acid (72). For the monocaffeoylquinic acids isomers, such as chlorogenic acids, the mass spectra in negative ion mode exhibited intense 65, 106, and 107) . In general, tricaffeoylquinic acids with larger numbers of free equatorial hydroxyl groups in the quinic acid residue are more hydrophilic than those with larger numbers of free axial hydroxyl groups.
Glycosides are not frequent in propolis. Glycosides of caffeic acid (54, 58, and 59) have rarely (if at all) been reported as propolis constituents. C-glycosyl and O-glycosyl flavonoids were found in stingless bee honeys [47] . In the honey of Apis mellifera the contents of aglycone flavonoids typical of propolis (galangin, pinocembrin, quercetin) were found to be much higher than the contents of flavonoid glycosides. This has been attributed to a contamination of the honey by plant resins and propolis [48] .
It has been recognized that flavonoids are not major constituents of Brazilian propolis, with the exception of isoflavonoids in red propolis [25] . Nonetheless, several flavonoid aglycones, as well as O-and C-glycosides, were detected in several among the eight samples of propolis in the present work: 56, 64, 69-71, 74, 76-83, 88-92, 97-99, 101-103, 105,  108, 109, 111, 114-116, 118, and 120-133 . The glycosylation of flavonoids generally occurs at the 7-hydroxyl in flavones and at the 3-and 7-hydroxyls in flavonols. The sugars usually correspond to hexoses (glucose, galactose, and rhamnose) and pentoses (arabinose and xylose). The carbon-carbon bond of C-glycosyl flavonoids is resistant to rupture and consequently fragments from the sugar moiety predominate in the mass spectra of C-glycosides. − at m/z 503.0, generated by the fragmentation of a pentose in the MS/MS spectra, suggesting the presence of an arabinose moiety (−132 u), typical of asymmetric di-Cglycosylflavones. Isoschaftoside (81) showed a base peak at m/z 473 and a high abundance of the fragment at m/z 503.0, indicating the presence of a 6-C-pentosyl unit [51] .
For O-glycosylated flavonoids, fragmentation pathway starts with the cleavage of the glycosidic bonds and elimination of the sugar moieties, with charge retention on the aglycone [52] . Tentative identification was based mainly on the MS data, UV-DAD spectra, and literature data. compound for propolis, having previously been identified from Citrus genotypes [54] . Among the constituents identified stand out the prenylated flavonols 109, 125, 126, and 128-133. Prenylated phenylpropanoids typical of Brazilian green propolis were also detected, such as compounds 95, 96, 117, and 119 (artepillin C).
The chemical affinities among the analyzed propolis samples are shown in Figure 2 . One of the clusters of the dendrogram combines the samples from Bauru (SP, southeast), Lavras (MG, southeast), and Cabo Verde (BA, northeast). It is somewhat surprising the emergence in this cluster of the sample from the latter locality, which is much up north from the commonly admitted distribution of green propolis. The three samples share several prenylated phenylpropanoids (e.g., 9, 14, 24, 25, and 35) typical of green propolis ( Table 4 ). The sample from Cabo Verde stands apart in the clade for the more frequent possession of flavonoid glycosides, for example, 88-91, 98, 99, and 101 (Table 4) . Flavonoids are major compounds in propolis from temperate [19, 55] . However, flavonoids commonly detected in propolis are aglycones, and only rare flavonoid glycosides have been reported as propolis constituents. The samples from Pariquera-Açu (SP, southeast) and Ponta Grossa (PR, south) contain also some of these green propolis constituents but emerge at the base of the clustering analysis tree (Figure 2 ). Both contain substances rarely or never reported for green propolis, such as flavonoid glycosides (e.g., 81, 88, and 97; Table 4 ). They also contain or share diterpenes, such as 17 and 23 (Table 4 ), a class of substances known to occur in Brazilian propolis [43, 56, 57] and abundant in Mediterranean propolis [20, 58] .
The samples from Mira Bela (MG, southeast), Pirenópolis (GO, Central Brazil), and Picos (PI, central-north) constitute another cluster, in spite of the large distances among the localities. The chemical composition of Mira Bela stands out by the total absence of nonpolar constituents from the chloroform extract (Table 4) . It is worth noting that triterpenes (42-52; Table 4 samples (from Picos and Pirenópolis). Besides this, both samples contain, and sometimes share, wax constituents, such as fatty acids (e.g., 32, 34) and n-alkanes (e.g., 33, 36, and 37; Table 4 ). Flavonoids were more often detected in the samples from this cluster. Examples are the aglycones quercetin (111), isorhamnetin (114), and rhamnetin (115; Table 4 ). In addition, the sample from Mira Bela is characterized for containing flavone C-glycosides, such as 77, 79, 80, and 82 (Table 4 ). Pteron-14-en-7-one x
